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CONTRIBUTION TO THE PATHOGENESIS OF ZIRCONIUM
GRANULOMAS IN MAN*
WILLIAM L. EPSTEIN, MI).
Zirconium salts which are capable of inducing
allergic granulomas in man (1, 2), have also
caused toxic foreign-body reactions in the skin
of rabbits (3). Conceivably, either or both types
of response could account for the axillary granu-
lomas seen clinically in users of zirconium stick
deodorants (4—8). The present study deals with
the effect of intradermally injected zirconium in
a group of human volunteers.
MATERIALS AND METHODS
Zirconium lactate, as a 4 per cent suspension in
saline, was injected intradermally in 0.1 ml ali-
quots into the forearms of 16 healthy, nonsensitive
white volunteers,t aged 23 to 46 years. Each subject
was given 4 to 12 injections at different sites.
Biopsy specimens were taken at intervals ranging
from one hour to 8 months after the exposure. A
total of 62 lesions were removed, fixed in formalin,
and prepared and stained with hematoxylin and
eosin, the periodic acid-Sehiff (PAS) stain, tolui-
dine blue or Wilder's reticulum stain.
RESULTS
The injections resulted in the appearance of
chronic inflammatory papules which evolved
clinically as granulomas in 14 subjects. Within
minutes, in all cases, an erythematous wheal ap-
peared at the site of injection. After 3 to 6 hours
the wheal gave way to papule formation, which
reached a maximum in 24 to 48 hours, occa-
sionally being capped by a central pustule.
Within a week the acute reaction subsided and
the papules became tiny erythematous, in-
filtrated areas 1 to 5 mm. in diameter. In a few
subjects larger active lesions, 8 to 10 mm. in
diameter, appeared in an unpredictable manner;
a combination of healing and active lesions were
often seen in the same person. In all cases the
lesions, instead of receding, persisted as small or
large papules for the next few weeks. Some fluctu-
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t Doctor M. D. Willcutts cooperated in obtain-
ing volunteers at San Quentin Prison. Richard
Hamilton aided in the study.
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ation in the size of the papules occurred, and fol-
lowing exercise or a hot shower they tended to
swell. Six subjects noted growth of the lesions
6 to 8 weeks after the injections. These papules
now took on a firm, more infiltrated character
and were reddish-brown or white in color. After
2 to 3 months of growth the lesions had the ap-
pearance of granuloma, often reminiscent clini-
cally of granuloma annulare. Eight other sub-
jects developed clinically apparent but not visibly
enlarged granulomas. At the end of 6 months
nearly all lesions appeared to be undergoing
involution; after 8 months the affected areas
were marked only by hyperpigmentation and
tiny healing papules.
The histologic observations can be conven-
iently divided into three parts: 1) fate of zir-
conium, 2) effect of the foreign body, and 3)
tissue reaction. Determination of the fate of the
injected material was greatly facilitated by the
fact that zirconium lactate, normally PAS
negative, is altered after 1 to 7 days in skin to
give a PAS positive, diastase-resistant reaction.
Early after injection it appeared as an amorphous
foreign body (Fig. 1A). Within an hour some of
the mass could be detected in the wall and lumen
of surrounding blood vessels. Thromboses de-
veloped subsequently (Fig. 1B), and fibrin-like
material collected around blood vessels and
sweat glands (Fig. 1 C). After 6 hours much of the
amorphous material had disappeared, and the
foreign substance was now precipitated selec-
tively in and about the eccrine sweat glands and
the blood vessels of the mid and lower dermis.
Apocrine glands were similarly involved in the
few cases in which the material was injected
into the axilla. Hair follicles were less severely
affected. Not all sweat gland units were attacked,
and the superficial areas of the ducts always re-
mained free. The precipitate, reddish-orange and
not yet truly PAS-positive, seemed attracted to
the area of the basement membrane of sweat
glands and blood vessels. The main bundles of
collagen were not affected by zirconium. After 24
hours the foreign body, possibly a zirconium-
protein complex, had completed its peculiar
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localization about blood vessels and sweat glands
(Fig. 2A). It stained bluish-red with hematoxylin
and eosin and was beginning to become PAS-
positive. At the end of a week, large macrophages
had begun scavenging the foreign body (Fig. 2B).
The material, now clearly PAS-positive, appeared
as irregular, dull granules in the histioeytes, as
well as a precipitate surrounding blood vessels
and sweat glands. Over the next few weeks
scavenger cells picked up increasing amounts of
precipitate (Fig. 2C) and diffused away through
the tissue, disappearing into lymph and vascular
channels (Fig. 2D). Spectrographically, zir-
conium was still present in large amounts in
biopsy specimens taken 5 weeks after injection.
We assume it was located in the PAS-positive
granules and precipitate.
The damage wrought by zirconium lactate
occurred rapidly and in proportion to its distribu-
tion in the skin. The foreign precipitate within
and about blood vessels caused thromboses and
evidence of local ischemia (Fig. 3A). In the early
specimens, the collagen appeared dehydrated;
later it seemed normal. The involved sweat gland
structures showed loss of architecture and death
of cells (Fig. 3B). If the precipitation was minimal
or if phagocytosis was effected rapidly, the sweat
gland structures reacquired a normal histologic
appearance after 3 or 4 months (Fig. 4B, C). If
not, the injured areas healed by resorption and
fibrosis (Fig. 4A). The healthy blood vessels seen
in later sections no doubt comprised newly
formed channels as well as older ones relieved of
the foreign constriction. The few hair follicles
present in the sections appeared little affected by
the process.
The tissue response to zirconium lactate, the
third interesting facet of this study, was basically
a foreign body reaction. Within an hour after
injection, polymorphonuelear leukocytes were
FIG. 1. A. (X 124 H & E) Amorphous zirconium lactate 1 hour after intradermal injection. Tbese
masses (arrows) appear inert and rarely persist for more than 6 hours. B. (X 207 H & E) Thrombosed
blood vessel 3 hours after injection. Serum and R.B.C.'s are coagulated; polymorphonuclear leukoeytes,
however, appear trapped in the menstrum. C. oK 193 H & E) Bluish, fibrin-like fibrils appearing within
the loose sweat gland matrix, 3 hours after injection. This precedes and may play a role in the precipita-
tion of zirconium lactate about sweat glands.
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present. They increased in number, reaching a
peak in 24 to 48 hours and disappeared gradually.
Eosinophils appeared in profusion in the speci-
mens taken the first week after injection, but
rarely in tissues obtained later. Mast cells, begin-
ning to appear within 1 to 3 hours of injection,
were regularly seen in large numbers in early
sections. As they decreased in number during the
first 2 or 3 months, a fine network of meta-
chromatic fibrils developed among the otherwise
healthy collagen bundles. In sections taken 6 to 8
months after injection this fibrillar network had
disappeared, and we assumed it was related to
the healing process. The still actively growing
lesions, however, contained many mast cells and
very few metaehromatie fibrils.
As expected, large active macrophages domi-
nated the lesion after the first week. Within 3
weeks, fibroblasts and mononuclear cells were
seen as healing began (4A). In the growing lesions
noted 6 weeks after the injection, however, the
number of large histioeytes seemed increased and
lymphocytes, mast cells and mononuclear cells
had crowded in. Fibroblasts were relatively in-
conspicuous in these sections. In only one subject
did giant cells form in any numbers (Fig. 3C).
By 4 to 6 months all lesions showed a diminution
in cellular activity as the blood vessels and
sweat glands returned toward normal (Fig. 4B,
C). After 8 months the lesions were clinically
and histologically quiescent, and this unusual
foreign body reaction appeared essentially at an
end.
Periodically during the eight months, these
subjects who had been given multiple injections
of 4 per cent zirconium lactate were tested intra-
dermally with 1.0 and 0.1 per cent of the com-
pound. None reacted in an allergic manner. In
Fm. 2. A. (X 176 H & E) Dense accumulation about eccrine sweat gland of foreign material, presum-
ably zirconium complexed with protein or mucopolysaccharide, 1 day after injection. Note the absence
of inflammatory response in this area. Capillaries arc also involved and appear sharply demarcated.
B. (X 189 PAS) 1 week after injection of zirconium lactate. The precipitate now clearly PAS-positive
still rims some sweat glands and blood vessels, but histiocytes arc busy picking up the foreign body.
C. (X 203 PAS) 2 months after injection; histiocytes filled with PAS-positive granules arc diffusing
away into the tissue. D. (X 203 H & E) Histiocytes within the lumen of a blood vessel, 5 weeks after
injection. The foreign body is very slowly removed from the injection site.
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FIG. 3. A. (X 83 PAS) Organizing thrombosed blood vessel in the suhcotaneous fat after 3 weeks.
Histiocytes carrying PAS-positive granules are dispersing into the fatty tlssue. B. (X 147 H & E) I week
after injection; complete destruction of a sweat gland unit. The precipitate of foreign material is strik-
ing. C. (X 353 II & E) Giant cells containing brilliantly PAS-positive homogeneous masses, 7 weeks
after injection. Only one subject responded in this fashion.
30 additional subjects, repeated application of 10
per cent zirconium laetatc in carbowax to irri-
tated skin under an occlusive dressing failed to
induce sensitization as jndged by contact patch
and intradermal tests. These negative results
contrast sharply with the high percentage of
toxic reactions to injected zirconium. Even 1
per cent zirconium lactate, when injected intra-
dermally, prodnced a foreign body reaction in
over half the subjects.
COMMENT
These findings, in agreement with those of
Prior ct al (3), indicate that while zirconium may
occasionally act as a sensitizer, it is more likely
to be a toxic irritant.
The pecnliar skin reaction to zirconium lactate
properly should be classified as a foreign body
inflammatory response. Although isolated histo-
logical sections of these tissues shown to a num-
ber of competent pathologists * convinced few of
the granulomatous nature of the reaction, the
over-all pattern admirably satisfies the distinct
criteria for granulomatous inflammation laid
down by Forbus (9). The unusual features of
specific accumulation of zirconium about blood
vessels and sweat glands and the consequent
local destruction undoubtedly distorted the
otherwise classical evolution of a granuloma.
No adequate explanation exists at present for
the behavior of zirconium salts in skin. Obvi-
ously the compounds are more reactive than
previously thought (10, 11). Mealcy (12) found
* Dr. Richard Skahen was especially helpful in
working ont the details of zirconium granuloma
formation.
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that zirconium formed a complex with serum
albumin and with alpha-, beta- and gamma
globulin. Using the plate agar diffusion method
(13) we found that 1 to 10 per cent zirconium
lactate precipitated selectively with gamma
globulin and red blood cells but only occa-
sionally and irregularly with leukocytes. Nu ap-
parent precipitation occurred with 1 to 3 per cent
concentrations of other serum protein fractions.
Fibrinogen, 0.2 per cent, was not attracted to
zirconium especially. No evidence was adduced
by this technic for antibody production by sub-
jects exposed to zirconium, and no specific pre-
eipitin bands were found in serum of patients
with allergic zirconium granulomas.
Why the zirconium lactate-protein complex
stains PAS-positive in tissue is another intriguing
problem. It remains to be determined whether
free earboxy groups for combination with basic
fuchsin come from the lactate complex or frcm
altered tissue mueopolysaeeharide or muco-
protein.
More practically, the present findings bear
directly on the causation of axillary granolonias.
Shelley and Hurley (1, 2) have shown beyond a
doubt that zirconium salts can induce allergic
axillary granulomas in man. Their important
studies add significantly to the positive data
which show that hypersensitivity reactions are
implicated in the etiology of granuloma formation
(14 17). Nevertheless, it should be noted that in
some of the clinical cases they reviewed (2),
the patients apparently did not suffer from an
allergic reaction. For instance, in eases 3 and
Fie. 4. A. (X 168 H & E) Biopsy specimen after 5 weeks. Fibrosis and healing are beginning. Even
the once destroyed sweat gland cells seem to be proliferating again. B. (X 59 PAS) 4 months later. The
once clinically granulomatnus papnles are healing. Sweat gland units appear histologically normal. C.(X 222 PAS) Higher power to show that a few histiocytes still persist in the tissues. These may remain
for as long as 8 months, but the inflammatory response is essentially ended.
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#4 the fact that the eruptions appeared within a
few days of the primary exposure suggests a toxic
rather than an allergic response. Also, in those
eases (#8 and #11) in which a foreign body
response was reported histologically, the patient
may, in actuality have suffered from a toxic
effect of zirconium. One patient was observed
with generalized zirconium granulomas* in
whom injections of very small amounts of zir-
conium lactate induced typical sareoid-like
granulomas. This patient undoubtedly is allergic
to the material. It seems that an analogy can be
drawn between contact allergens and allergens
responsible for granulomas. Just as potent con-
tact sensitizers usually are also primary irritants,
so too the zirconium compounds which cause
allergic granulomas have been found to produce
toxic foreign body reactions. This toxic effect, in
fact, may be the key to the allergic response.
Freund's adjuvant, which induces a toxic granu-
loma (19), has been used widely in the experi-
mental production of allergic granulomas (15—
17). Its mechanism of action, however, is un-
known (19, 20).
SUMMARY
(1) A 4 per cent suspension of zirconium lactate
was injected intradermally into multiple sites on
the forearms of 16 healthy human volunteers.
None of the subjects became sensitized to the
material.
(2) Biopsy specimens taken 1 hour after the
injections and at intervals during the next 8
months showed histologic evidence of the evolu-
tion of an unusual foreign-body type of granu-
loma.
(3) The results indicate that zirconium granu-
lomas may have a dual causation, both toxic and
allergic. The situation is analogous to the fre-
quent coexistence of primary irritant and aller-
genic properties in potent contact sensitizers.
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* This patient seen at a San Francisco Dermato-
logical Society Meeting (18) was kindly referred
to me by Doctor G. B. Skipworth.
